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lel, Yhe Proble@ of Airecrait Applicsstion 
ihe present trend towarc use of £00-cycele alternating: 


eurrent on alreract nas created the problem of deaipyn of 
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relays and susll pull wasnets te operate guccessfulle or this 
Ssupcly. To date, the functions of these elewects have been 
performed by dlreet ourrent magrets. This, of couree, requires 
reetificetion of the primary alternating current guoply, or 
the uge of an auxiliary motor generator, 

this pepper wili exanine the Giffier.lties of cesisgning 
@ 400-cytle magnet. Sirce sueh a magnet woult Se intended far 
aireraft use, the criteria for satisrectorys design ers 
reliaobllity of performance, reicht and acece rsqiiretests and 
coat, initial anc operatinz. ieliebility is the pries requisite 
anc with welgnt and apace conaicerationa far avershacow the 
econowic Lactors. 

Yor conparigon Purposes and ae ean altemeative, poarral 
corsideration will e@iso be given to solution of tie seme oronle m 


Dy uge of @ ailrect current magnet anc selerium reetifiers, 


1-8. Gompariaon cf 400-Crele and 60-Cycle Jreratior 
es a references from which to point up the difrinulties 
associated with 4vDecyele operetion, it will be assumed that 
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is the supply frequency were S&C crcoles, 4 gatialuctors same 
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pull at the given voltage. 


The two bvesile equations obeyed vy such &@ hag ret are 


ee /27f 8 § x 1079 volts (1) 
Pos De’ A nOUnds (2) 
144 
where Bm = flux deneity in Kilomaxwelly ver aq. in, 


‘& © gae inches of vole arava 
Rygvuation (1} negleots the regiaté.ce voltage which will be 
megligible in « welledesignec alteriatins current magnet, 
Wquation (2) vives the pull in pountis for flat surfaces of 
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&rea A. ‘the solenoidal pull of e@ meving, plunger time w 
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S@ considered for ressorg which will be inaiceted in 2-1, 
¥pom Kquation (1) fer J, eenstant, 1.0., for the sexe 
pull at 6O and 400 cyolss 
g = Javeot, , x 107° = JE 1400 4 Te x 10~* 
Yror which 


Ng = 3. Ne (3) 
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Yor the game core material 


therefore, 
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This High @aciting current at 400 ec7elea is te “omt 
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seriows Bapect of this problem, +he magnitude of 1, Las two 

imecdiatea effects. Yiret, asewring that the ecil rasisterce 
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change@ in the game ratio ae the numder of turas fro 


uation (3), then 


@ ei O40 . ie i; , 
i,"k, = (2c 6) Sh = BO 1,” Ny (4) 
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This repreaents & gubstantiel inerewse in copre> loss. 
vYorther, more copper is reqgeirec to carry the larger reactive 
power. | 

Tne volt-ampere limitation of the magnet inersases 
hinearly with the frequency. Thia limitetion is Gefined as 
tre chenge in reactive, or quacrature volteauveres taken by 
the magnet due to plunger motion. It mar be shown that for 
1 inehepound of mechanical] work at 60 cep.Ge, a chanrre of 
65 volteempereg ig required, At 400 cepene, then 


Volt-Ampare Change = 85 x 400 = s67 Vee 
&O ineilb. 


This large input at the becinning of a atroke al ight affect 
the regulation of an inadequate power aupply. Were serious, 
however, is the fact that the ecnteetorg which handic th 
maenet will be called upon te Rendle this power. This, of 
tiself, could ve guffictent to rule out the 400 cycle magnet 
for heavy work applications. 

the afrest of cnenge of frequency may be illwetraiea 
by oteirnmetez's squation Yor hysteresis loss 
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, = Ky,¥," jeules/eu.in./ezele (f) 


and unon Cneelidy current loss from 
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9.0 
. re feR - watta/eneiie (7) 


where Bey ls the maximw: value ( “m/2) ef the eyelie loep 
cgenalty in wevers ver square ingh, t the thick:ess of the 
laminetiona in inehes, and pf the regpiativity of the lamine 
ationa fr ohms in as men eele. 


Fron (68), sesumirg the losa pOr crobe ia infierecndent 
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"4 * 29 "ng (S) 
where 

Hing = Wy x 60 watta/eusine (da) 
and #4 la similarly defined, 
fpom equation (7) 

*o4 = (20° Wes 


trom the foregoing, it is possible to maxe tne summary 


s.own in Table 1, An efficient GO-cycle design would have the 

















GO CeDeBe 400 CeeBe 
Current ig S87 Ie 
Copper Loss Eg” ig 6.87 Ip%, 
hysatereals to383 ne 6.67 Bp 
Teay Current Leas fag 4402 “ee 
Table I 


copper 108s approximately equal to the iron losses, therefore 
it i6 &pparent tiat the addy current Losses, although radically 
Shereased, would originally rapresent avubstantially less then 
malfr of the tcetel losses. 

leagigu for 40uecyelis® operation must be thlrected towar. 
reaiveing these to a minimur. this immediatel, introduces the 
cost factor for Migh resiativity, high permeability and thinly 
SoMinatec core material. These lerge power losses must be 
dissipatea ag heet, therefore, Giolectric atrength of the ceil 
insuletion «t tipner terreratvres must be coreidersd, This 
Lomperatura rise Mient neceaaitete use of ome of tne wore 
unusuel tyees of insulation #avweh aa esgbestos, cless or chrom. 
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Another inherent aiaadvur.tage common to most altemating 
eurrent magnets La the requirement for a snading eoil. Without 
this call, the feree exertea uy the alterrating currert megnet 
falla to sero et twice Line frequency. With prover shudineg, 
the pull never falls below a minimum which ig sufficient to 
prevornt armature movecent. 

lmproper shading with resultant armeture cheattor has 
goveral disadvanto.ese tirst, the beating of the pole faces 
ard the stresses on the core tend toa weaken the physical 
structure of the magnet. The erfect of 400 crvcles would ve 
proatly magnified when compared with that at 0 cyclaa. 
secondly, the sergitivity of the ear inersases from 1l2o to 
G9 eveles (twice Line frequency}; tim chatter, therefore, is 
musi: mere objectionable * and at the higher freyvuency would be 
aore aptly descrived as a scream 

ihe Gosifn problem ig about the same at 400 CeneSe 
a3 et (0 GedeS For proper anmdin:s, 1.6, t6 m@intain the 
“Nivivest ratio of minimus pull to average pull throusgrout 
ees cycle, It te neeessary to incresso the reaista.ces of the 
seading eoll in direct procortion to the ineresas in frequency. 
If tia ig done, the current in the loop remains unchangec ag 
the Treguency inersasee, since the induced voltage also in- 
creases cirectiy with the frequency. the conper loss, tovwever, 
18 imereaeved in provertion Purtryel cosiplioating Uke heating 
npoblem at 400 crcles. 
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laon, Chanean di OL Uta (1940) 
5e¢ page 7, “auhsyivahia otete Colleges Fulilatin, Se gineering 
xoerimgert atetion c@eries, 4ulletin fo. Se 
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Bl. Uffest of A Change of Vhysical Parametera. 
Pox any sagnetioc cireult, 
} = met = 4m xt (10) 
i in: 

ier the problem at hand, the flux and the number of 
turms are fixed by equations (1) anc. (2), therfore the only 
Way te redues the exoiting current ja to reduce the reluctance 
of the eircult. 

Bath thle in mind, the trpe of marpnetic circuit, its 
ebape with its physical cimensionge anc the eholice of a sore 
material will be ceonsiaared, 
fhe types of cirenit employec ta not cCireetly ulotated 


op the 400-espeq. frequency. in general, however, the moving 
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ammeture tope of magnet is aviptable te problems such a4 this 


pequirinme @ relatively large force with a short atrone. this 
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49 im contrast. to the woving oluogear, or solenoid trye wrick 
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ig suitable for u leuger strove, but with lege force. 





Figure I some Core Shapes 
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Tnree magnets ars indicated achenatically itn fipure 1. 
4 anc B sre soving armeturs types while © is & solenold type. 
Of course, many variations of the circuits Indicated are In 
common vse, but these three ars used to indicate cartain 
guiding principles. 
; In A and & all the masretomotive ferce in the alr 
Gaps produces useful mecneanics] fores. ior the samo number 
of tums en A and 5, im A, the two coil desicn, pole length 


Say be Made half es dong a3 in 8B permitting «a shuerter, more 


4 
efYiecient magnstic cireult fron the viewpeint of leanace. 
4% @wuGition, A possesses @ larger radiation surface for cooling. 
C, above, must cave the fixed sap shown to permit 
Plunger sovement, This is o distinct cisatdvantars Seckiss 
of leakage eines the flux loss in this cay decreases tre 
Q@mount of useful flux in the working rap, «he fixzee ane the 
eivijenam useful gan lenttea here would probably be Llorser than 
the (Wo gaps in series in A, or & Fora given useful flurc 
Qeesity, therefore, & hicher vaive of wmarneti®ineg current 
would be reguired in C,. 
the minimum closed sep lesgth which ray bse ettained 
ig anovt .GOl inches. Tulsa is obtainable br platings tha 
Piniawed afd Pitted aurfaces of the laginations with .0005 
inehnss of chromium. Tote that this resirittico: is mechanical, 
Provices the remanence of fhe core material is s@ail enourh 
to permit the fap lepety without atichiner. 
ia invéstigatin&®# bee ohysical peremeters of the clrovit, 
‘t will be agsivwed the! tna vcansral share of the core remains 


unchanged, Jurther, the rathwr optimistic closed @ir zen leomtn 
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of .002 inckes is used in @ll celevletions, his is tased 
upon Yo .o0l inch cause ly geries. 
| bLeferring to @leure 2 and 
twp lectins leakage 
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were pe is the e@Prrective 





esrmeaevility of the scirenit 





which will be Giacveset at 
Figure 2. & Magnetic Cireuit jienotn tater, 
Total length = 1 . 

Air Sap lengths, 
Cross Section Area © A 
Permeability seteal =y~, Tris point neei ve laborec 


for low reluct- 


epee, 1 should be a minicnwes, 


mo further. Tt should be 
noted, however, that in eoraigering laengts, the 400 ercle 
magnet possesses some smallaiventace over its 60 evele 
counterpart. From equation (3} 
bg = 3/20 Ny (2) 
sinee the length of tee core ig primarily determined wy the 
BEoUunt of copLer necessary for sxcitatiion, & gvorter circuit 
£2 permitted at 400 eycles than at 66 cycles. “she exact 
aecrease in Length peroitted would te cifftecit to oleulate 
Binee some inereasé In wim aisameter ts necessary to anidile 
the higher 400-cyele current ag indisated in 1-2, 
‘The effect oF & chanee of aree will be reflecred 
in the basic equations (1) and (2), therefore it wi11 be 
investigated in Geteil. A cagual conelderation of equation 
(1) would lease toe the conelugion that al inergsaae t- ares 


woulc dearcese tue reluctanes, hence the exelting current 
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roportion. hn iners@se ef eren do@a decrease the reluct- 





anee, but Lt does net fmmetiately follow thal the exelting 


te decreased, This will be illustrated by en exampls. 





OL vers two 400ecyale magmets toth to operate set. 
the game voltage, made of the same core waterial enc te exert 
the same pull. The general configuration is that indicated 


fin Figure 1, A or B&B <+he cherecterictics*are 


heeneb ol Ramet 2 
Total Length L 1 
Urossa Sectional Area Ay iy LAY 
Yaxioous Induetlow Gey Be? 
Rumbar of Turns ¥ ¥.., 
1 a 
Tot inn Length 
otal Gar Lengt i, a 


the genérael @quationsa to be obeyed by both 


ee fies fx wW eWte kh Bak x ore (1) 
and 
Fs 82 4 
(2) 





144 
tere it is conventent to work in the e..8. system of unite 
go thet in eonputing the reluctance of the cireult, advantage 
way be tanean of the Yact that tne perewability of air ia one 


in thie system, Converalon of @quation 1.2) glelca 
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waere F = pounds 
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3 * square centimeters 
= GefeSe YeLuctavce uhits 
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the gomeral expression for reluctance is 


Ast-igt lg = 1+ IgiMy - 1) 





~lue- 


(12) 
Pak Ke 
wunere Pe = alternating curre:.t permeability 
GSubatituting in (2a) and for magnet 61 
; at, 
en ee (15) 
Lory 1 + lg Wan 2) 
where Ay @ 4x 4.5 x ver 
Purther from (2) for the same pull and fer 4, = EA, 
rpom (1) for the seme voltage 
ay thee Ay a ae) 8 2 Ad 
= Ao B45 ney 
Jit 
inere core 
“og = ny J Uh (25) 
for magnet 8, the form of equation (13) ts 
+d . 41 Bea “2 fe *e (i.8} 
ead by equations (14) and (15) 
F Ey (Bays VENN/ VE) K gh, =! (17) 
dy 1+ dg (Man 2) Toad 
2n@ ratio of pull to current remains unchanemd cesnite the 


ehaernes of area, therefore for the same pull the seme current 


18 required and no direct Stvanters, Le@e,y NO CBCraagse In 


exoiting eurrent, results. 
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ellie 
it might be notea, incidentally, that In the preceting 


development, the actveal Trejuency did -ot enter. “0 any 





Pre Quency, therefore, for & magnet of given lefiewth ame core 
material to exert a given oull et a given voltae, Die current 
ia independent of the cross-sectional area. 4a lame arate 
requires leas flux density, hence less empemturns. -o otey 
the veltage equation, however, lees coll turns aro necessary 
anc the exciting current remains unchaucea, 

Although no direct edvantage (current decrease) 
results from an inergase of aren, certein bereficial seco. dary 
effocta oceur. ‘these sre not Imeediateiy @prerent, out are, 
mevertheslens, of appreciable irporteaunce and ~ust be considered. 

[eaxsacs bag sofer bea neplected, but must be taxen 
inte aceount in every praciiesl] case. An increase in ares 


decreases the leskace coafficient’ wheres 


leaxage Coefficient = total Fiux 
veerul Plux 


& Gecrg¢ase in the Lleakercs coerficient woans 1636 amnere-turnms 
are required for a giver useful flux, thus the efficiency of 
me magnetic circuit is irereased,. 

2n6 muudver of coll turna muat be Georeesec to Meine 
tain the required peli et tye given voltege.  cnis will 
permii seme shortening of the core length by the ease 


reasuning Tolioweu wher redustion of lurna wae praeviowsly 


Giacwse¢ed,. 


the hysteresis loss is changed, fron 
fy Fp, Bygt (8) 
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it may be geen that fi, varies with change of area. Jor the 
eeano force, the marinate: frfuetion, 3., sust be ¢arcreaded as 
shewn by equation (14). If fsetting tnia Gecress®, Yowover, 
is the ineresse in the volume of core Neterial, hence an 
{nereese in the hysteresis loss, tiese tra effects will 
Qlwaya oppose ene enother with chenge of area. The net reoult 
for a given change woul:si depend unon the core muteriel (value 
of h,) and the velue of the expowent, “n", which is in turn 
dependent uson the ransce of induction, 

In gelecting @ core material, the followtng ceneral 
gharacteristics are desired: 
1) Geall residual flux dcensity to poemait small air paca, 
3) Low eo#rocive force to permit use of a small alternating 

current and reduce hysteresis loss, 
3) Uigh resistivity to reduce the eddy ourrast losses and, 
finally, 

4) High permeability to decrease the relue tence 
the first three factors needa not be considered further, 
inereased permeability, hewever, will veorgaee the reluctance 
of tne mesmetic circult, will not affect the beuwle equationa 


* 


{1} ama (2) and thus #111 cecreage the exeitin current. 


1-8 


4nho unavoidable air tang in the maymetic qircuit of 
an electromagnet, such ag Figure 2, plaes an upper Liedit on 
the walue of permeability which may be profit voly usec. 


the equation 
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Q= 1 + lalMa- 1) 
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pordite tae definition of effective parmeability 
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Ke tae te 
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anc sinee Mae >> li 


ce 
Ke = Ma (18) 
1 + le Pa 

1 
Tris equation ts pletted in the graph of Figure $ for 
tetal lengths indicated each eontaining a 2 mil air map. 
ior references rurposes, @ line for @ eirenuit of infinite 
length (er @ cirevit with no air gap) ig uwlse shown, It 
car O@ geen that « value ef 100,000 ylelda only slightly 
better net perforsesnce than a value of 15,000, excest for 
l infinite when egrals »s the velue of effective 

@ a 
pormeeGbilityesyeptoticalls appreached is each case is 


lin Pe =k 
le 
= Soo 


The graph of Figure 4 follows thet of Ficure 3 and 


Lk 


sregants ths sawe information In & more illwuwinatine form. 
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“he ratio of 


pe a & (19) 
Ke 


ig # m6agure of the efficiency of the use sf the core 





material in &@ magnetic eirsult and is here so defined. 
& clirevit with no air gap woulds have en efficiener of 
1GU. ‘the valve of © indleutes the retum realized by 
use of metals witn progressively olghar cermeablliti¢es 
and points up more clearly the Liwitationg to the use of 


Migs: permeability matépiels. «he imerecticalit: for ail 
F &. = wy 
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Figure 3. 


PERMEABILITY 
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but the most pressing requirements of five digit (auc for 
shorter lengths, four digit) vermeability is clearly 
Alivatreated. Wver for the eignt ineh cirewit, the effieieorcy 
has cropped to 60% when Hg is 1000 and is Gown to &% for 4 
permeability of only 4000. This certainly introduces the 
economics into this yproblen. 

The primary interest in inereusing permeability is, 
as previously stated, to decraés% the exciting current, 
To examine the possible decrease when permeability ise changed, 
At {@ nesesagery to make certain assumptions concerning the 
reference 60 Capews murmnet. iret, it is aesumed treat the 
sors is made of 29 gauze laminations of 4.5 sgilican steel. 
&A value of 5, equal 30 Kilomaxwells/sq.in. is asaisned as 
& waexinwe operating induction for thle metal which defines 


the relative permeability as 


Peas = 2300 gauss /oersted 
This isa &@ likely valus™, 
Thiea magnet ie sow to @xert the game foras with the 


sume applied voltece at the 400 e.p.a, frequency. kone 


{9 


the physical cisensions is to ve chaerngeda, ont ‘he numbar 


of turns 


to comply with eniletions (1) ank (@). ‘the parneabilit? 


« 


of the core material at 400 cyeles will be changed so that 


Raa = Be Poe (20) 
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for the game flux at doth freyuencies 

hen = .41 6 Ime Peg AG = -41%4 Imag Kos AG (21; 

le 14 
Pryor whieh 

“es imo Pes = 3. 85 Ine f 04 
a 

and 

im4d_ = 20 Pee (22) 

“m6 ’ Pos 


Substituting for the effective permeability 


i 
Ky 
G 
rad 


i he. (18) 
Lele ps, 








yields 
T = ai tj ‘ 
‘ea * SO Poo, 1 * en foe (25) 
x $ i} as 
+n , Paz - a 

which by equation (20) secemes 
img AQ i+ lea Pae 

Purther by the asawestion of tree of sore material and 

maxiznum induction «1 6U Gen.a. and fer an air sap of 

e002 Inches 
Ima = 20 . 1 + 4.6 ip (25) 
imt She 1 + 4,6 

where 1 = mean length in inches. 


Jr Figure 5, equation (25) has been plotted for aseh of 
the eur cireuit leneaths eousidersa earliar. Fo is treeted 


ag the independent variable, 
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Por all lengths when i is unity, i.e. for the same 
magnet core at 60 and 400 Gspded. 


ig4 = 6 
Lut 





2 
= (4) 


as expected from section lef, Covgidering again tha eight. 
ineh eireulit, it may be asen thet there ig Little gain in 


increasing bo bepond 7.2 arc that for this velue 
Pa = 7,2 (2%00) = 16,600 gaves/oersted 


and that 


+4 os WAG 


Por this condition, the efficiency 
E = 19.28 
Similar obssrvations say de made Tor the other clrevit 
lengths. 
it may be eoncluded from tris diseussiow that ine 
eree@gec permenbility offera some possibility of Limiting 
the high valus of exeiting current, “ut thet this appreech 


$2 “Ot very promising, perticularly for tne shorter cireuit 


& seeongary effect of Iner®eciug, permeability is te 
tecrease the hygteragis loss. she lower exeiting current 
decreuses the total area of the hysteresis loop, hence the 


Loss sagsociatec with that arsas 


The pr@ceding section leeds to the guastion of how 


muel the various chenres Gisoussec can reduce thea 4c-orele 
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oe 
loases from what wowld result with neo chamgwe in the wametie 
eipeuit with increesesd frequency. The 40u-ercle losses with 
ro changes are scentained tn Tadle i. The principles of 
Ze-l will Ye @pplied send a gimilar table will be made. Aa 
before, if will be desea toat the G5ec.5,.9. marnet is 
exerting a giver pull et a fixed voltege; the 400-c.pes. 
mapnet must exert the same pull for the same veltace. To 
improve 4OG0-cyele performence one may 
1) Uo to a shorter lencth, since less tums are required, 
2) Select a core seterial with a higher permeability, and 
lower core Llosa, 4», + Be, 
3) Increase tne srossegectional area of tae semnetic elreulit 
and 
4) i@ergase the lamination thicxness. 
a@oh, of these changas #111 be conelusren in relation te 
the conpner and iron loases. 
1) Shorter lengin, sfPfect on 
a» 2zeiténs Curfent. From gaction led tor the same 


2 


Langtn Sipeult at 60 @nc 400 G.DeSe 


lg @ ig (4) 


te [es 


Ary deeresase in lea th gdeoreasaa reluctance in direst 
provortion with no ervect om the tagle force amd voltarss 
equaticons. It trperefore immediately foltowg that Lor 
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The volt-awpere limitation sas been decreased and the econ- 
tactor problem made less serious. 


ihe copper logs 


144 Nga @=fl4 « BO Ig . Sig = 6.67 Aa Ig {27 ) 


ie 3. 20 le 


73 
— 
Ce 


and since 
i 
/,.<2 


equation (27) ma: represent an apereciatle reduction. This 
Will be further discussed when increased permeability is 
considered, 


be Fysteresis. sSrerter lenrth meang lesa volume, 


Previously 
4 = 20 Wye  wetts/ou.in. (S) 
a 
She new volume 
Y4 = Le Vea 
le 
0 that 
me © a o “ % 
Pha = Wag V4 cc =. . 14. fine Vg watts (2G) 
<< Ls 
Shick ia again an leeprovement,. 
c= Biddy Currents. ‘+he evove arkument for hretereais 


nedlis gince totel eduy current loss is sles cgependent vunen 


voluse. «“erefore, 
na 


a¢ q 


2) Inergased permeability, effect an 


$ htel OX 


'se 


&= Nxeiting “Current. Ageums tial the os 
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=e 
magnot of Pigure $ is the OU-crelo reference and that 


tne permeability ima inecreeare to 


Pada * 762 Bas = 16,000 vauas/osrated 
go that 

"s = Ble (31) 
Cquatio: (31) holes when the magnetic cireuit ta the 
same length at botr frequenciags. the valteaupere 
Llisitatlon ald the contactor pretbliem are spein eacde lesa 
severe, Ihe ominer loss tow 

lg? Wy = (33 ¢)8SNg = 1655 Tg? by (m2) 
“2U._ 

for an iwprovemert oaval te this, equation (27) shows 
thet the 400 o.Bea. cwan Lerain aust be lena than 5" 


of the 60 ceDeMe wou length if the seme core meterial 


were used at both Prej;vercies. 


j=? 


be Nyatorests., “he saving in tris los with ine 
creased permeability cannot be computeu direectir, 
however, it may be stated thet there #111 be o BeVvinge 
For the same By ari « lowar exciting current, the eres 
of the leep traced each erele is seweller asi the Loss 
decreases cirectly as thia aretis 

@- Eddy currents. incressed permesullity has 
mo ofrect. 
$j Inereasec crosseae#etional srea, eifact on 

@~ Duciting Current. “here ts no direct effect, 


but the leakage coel ficient is improved with an ineresse 
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be Myateresgis. Caonsiuer 
WY, = Ey, i. jovules/cusins/eyele (5) 


ang introducing volume 


>) 2, x V =, 37 41 joules/eycle 33} 


Ag = KA, (24) 


F# a 
144 





anu Dor the same fores before and after the crmnee of 
Arse 
= 5 e. = s: 
Bug™ B4, (V2 (%5) 
otill met introducing frequency, or the change of length, . 
thee ratio ef the losses due to un increase of area by 


@ factor h 





2 ¥) t3 
Py = hy, ar Ay 1 = 1 
— — Len /Z 
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tc 
~~ 


“o( 33) ray 1 fi 
re 


l-n/2 
Phi ( OF) 


“ne a 


how Let Pay nere @yuadl iMe losa of ®&G cycles with snortened 


le gts #3 expressed im @quetion (26). Ths bow 40U-c¥ele 


loss with orosg—ege¢ctl nal area inereasac {1s 
(25 | 
- HE . » 
P Jy ‘= ' Beis Pig (87) 
h4 ~~ i. a hr 
- e 


ioe @xponent, "ni", cwat of cH#lenleted PTrow exnerimentel 


Geta for ite @ore Seberia&l is guwestion; tte order of 


Gagnitude, “owever, 18 Borprcxzimetely 1.43 to 265, 
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simnes 1s ill @lways Ge slightly greeter than 
units, waile lg/le will always be slightly less, the effects 

of ghorter length amd increagec area are not a-preciabdle 
when conaigGered together. of greater importance is increased 


permeability which periits writing 


‘7 ZO ¥y 
"ng S 3 ne 


e~- icy Currents. In considering incressed area 
here, the effect cf lamination thiekness will be covered 
et the same tims, 
@ferring to 
ig = z fr? a,” ¢* watts /ouein. i7) 
it wes previously showi thet for the change of freyuency 


from GO to 400 sycoles 


he G02) o*. a” a 
ig, = ———g) By og te watta/oueines (38) 
ww 


increase of area by 4 factor 4, Gictates a decresse in 
BS, vy 1/ VK for the same foree., Swepose that in edition, 
it 28 Gasumed thet the laminetion at 60 s.pes. Were 25 cause 


meas anda theoat the $008cye 


i~ 


e thickness is 

t4 = .005 Inehes 
about tre minigun: prestios) thiekmess for this avoliestion, 
ea @ deelded benrovermenkt over the Slecerslo thickness of 


e914 inches. JCubstitutivpe In aquation (42) 
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The improvement is solely the reeuvlt of thinner lawinations, 

Yer comperiaen purposee, favle :1 hag boon prepared. 
Tne first three coluame are those of Table J. Column 4 
represents thse conditions attained in this attempt to ree 
dguee the 400-crele losses to a minimus, It must be Aept 
in mind that the cirevit length for the walmet represented 
bere is gight inches. Of the lengths consicered, the ime 
provement indicates in Colwmn 4 ig tne best obtainable, 
if a welledesienec shading coil were inceornorstead in both 
Magnets, the 400-tyele copper leas would e9r8al1 6,67 times 
the O-arcle copper leas for this coil as previously 


pointed ont, 
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Alao, in siwmatiorn ig the fact teat the volt-acrere 
limitetion end the contector problem are leas severe with 


the lowering ef the 4uuecPela current Prom 6.57 Ig to & “De 
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gel, Vo Altercating Current Yergus the Direct Current 
Nacneta. 

Co’ eideration so far hea veen limited to solution 
of @ pull probdles by direct use of a 4O0—89arcle mesnet. 
from the preceding chantera, it may se conelvesu tnet @n 
efficient design of such @ magnet weuld bea a sost adiffieult 
task (consicering the GOecyole reference efficient). In 
Yiew of this, it appears wise at tis point to besin cone 
sideration of the alternutive Girect current sclution, 

The Girect current magnet possesses several 
attractive e@dévantaces over any eltermating eurrent macnet, 


even without the arded complication of 400-c.f.3. frequency. 


hot 


Im the followli:: @igsewsaion, toth the alternating current 


wes 
Pose 
% ~ 


oid the cirect current magnets will be cunsideree ta be 
eperating at the sage meximum flux censity, therefore the 
comparigen will ba acwewhat optisisatioc coocer ing alterma.- 
Ling curvent operation. for @ifictent on@retion, the direct 
current gafiuet eto la operate at seturation; the alternating 


; | as 
current sagnet should omerete below saturation”, 


hss 


or the seme pole face srewa, the foree of ea direct 


Current Magee@t is twice thet of a: a@llemmaticg ecurrent 





i e 42 } ry . 
nay page 141, “Liectromoegnetis lbevites’, Bw. of. eters, 
sO *lle*~ S Doms, ine. 1LOdi. 
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being 


‘3 5 A povlds (40) 


where & = flux density, Hilowaxwella/sq.in. 
A = pole face trea, sq.in. 


Following imeedietely frow tils one Way gee that for e 
given pull to &e ezerted, the eltematinege current sagmet 
must have telics the ¢raggesectional arm, seiee twice the 
Volume and weilreht regnhiread for a direct current mapmot, 
Thia factor of two renresgente an absolute minis. In 
section 2-2, it wes poeitntad out thet a larker avea Seans 
a lower leaxese coefficient. Further, to limit the eddy 
current losaes to & ressona>dle value ext 400 c.%.3., It 
wee @howm that laminetions should be thin which weans a 
low stacz#ing factor, ketn of these recommendstions mean 
greeter core bulk st 400 cepedSe tum Et ©O copes. Lor 
wiich the volume muat already be twice as jreat es for 
& Girect current mayeet for the skme pull, ine elteme- 
ting current d@aicgn will require higher reactive cower, 
hence &@ greater waleht of cooper. 

in the beberetory, @ Prices Srothers Tyee 110 
alternetineg current relay Bes tested en a S&lecrela valtie 
ane. This musnet welehed 23.5 owness and ereunied a 
yolume cf approximately 4.1 cubic inehes, the volt-enmnere 
e-ngumption wag LLU vea. in the opeh gan end 18.395 ves. 
in the sealed positions. For the gale voltera@rere con- 
sueption, ® direct currant magnet could be wade with 
etout one helt tite above weleht amd volume. im acditiar, 


the volteripere limiteticon doses not exist @rd the tentactor 
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280. 
problem ia less severe in the direct current magnet. 


Finally, the alternating current magnet tecauss of 
the ekpené! ve core S&terial (hich preeebilityz}) anf thin 
laminations whieh must be weed, clua the necessity for a 
ghadiny coil, {4a innerently an sAvengive Gevice. ff{ter 
first cost, beacause of lower louwges, the alrect currert 


meentt pesseasesg a conti nwous elvantage in operation. 


Se2. The Jelenlum vectifier 

Tending to offset the advantages of the direct 
current magnet just listed, is the neceseity to reciliy 
the 400«cyele supply fer the provles umier consideration. 
The selenium, ary disk rectifier will here 09 considered 
fer the conversion device, 

Thnie pectifier contains no moving parte. it is 
wrurged and reguires no Poutine maintenance, “arnufacturers 
guarantee a@saingst envy defecta whetsosver for periods of 
40,000 hours ecuntinvous onsretion, so the aging effects 
of these devices may be considered nesliigiocle. ithe 
standard rectifier unit ma; be hermeticall) sesled, thus 
meuing Jt impervious to the effects of wolature, fungi 


» 


aed ehangs of presaure, it will oparste verfertly at 

plete temperatures trou -40° to bua? ». wich sheuld be 
adequate for the case at band, 515 waxioun tetrerature 
limitetion sumetimes prevents use of teas devices, Sut 


rm @n @ircraft apehisetian & plentiful aupply of owoling 


ba 


fir woulu be available to overcoms t118 objection. The 


sslenium pectirier ig able te withstena heavy temporary 
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current overloeds without danger of orsalidow, or infury, 
peraitting regular use in, the overlosed comditlon in inter- 
mittent service, Assweitg e walf-mour period for coeling 
between overloaa operations, the rectifier nay be onsratad 
at ten tines normal rating for about ter seconds. she 
maczimuc tenperature restriction praviously given cannot 
be avoided, “owever. 

Some approximate welskt, speee anc east data for 
full weve, bridge tv-ne selenium rectifiers are conteined 
in the grepas cf Figures 6, 7 and & These characteriatios 
are ean average of manufucturoars cate ror starcera units 
over the range inéleated. Tor @ specifie agpllieetion, 
the weight and space requirements could uncoubtealy be 


improved upon. 


ob, CRHCLUSIM@S 

She most imvortart consideration in selectins a 
Solution to this problem {9, a8 sreviously stated, reli-~ 
ability. <+ne charecteristics of the »eleniws rectifier 
le@a to the ¢@oneclugion that It would De at lebet, if not 
“ore, religole than tne cirect owrrent mageeel with whien 
it wovle tHe associated, Uengicvering tne Clreet current 
id altermneting current ma.neta thenselves equally reli- 
aotble in operation, tie combination of the ulrect cwrrent 
wagnet with a selenium reetifier is equelly @8 reliabie 
im performalce cf @ given tus: os am alternating current 
magnet operating aireetly. 


AS to Weight @ncu seaes reyuilrements, consider 
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-33< 
the GO-cycla alternating current magnet of section %-1. 
ror comparigon, it is assumed thet the direct current 
magnet fo¥ the same pull woule require the suse voli-auperss, 
would weigh oneenalg as much as anu cecupy half the volume 
of the altemeting turrent sugnet. ith teuese assumptions 
and with data from Wigures 6 and 7, the 0-cercle alimrna- 


ting current and tre direet currant golutions way be 





COMPRES » 
ois » Da Ss ler. 4 wm Toetel 
hagnet Warned MectiLier 
a hom 

solution 

Aeient 22.8 oe. 22.5 o78. 

IPSCO @el owe iin. 4.1 @wein. 
Solution 

Seleght 11.25 fe. Det OF Be 1€.,65 ofs, 

Spece 3.65 GG, ites 4,2 ew, if. &e2& wy, if. 


PARLE IZ 


These figures ars aprroximate, but the alract current 
solution “as certainly beer siven mo advantage; the rece 


tifser data weed are for atenderc unite and ts volte 


tty 


ampere consumption of ths calireget cirrest wagnet Ses been 
taken to egual that of the Atltemating current wagnet in 
selecting tine rating ef the reetifier, 

iL will Bo passidle qualitatively to extend this 
comp@rigon at 16 vee. over the range of intereat from 
3 to GO vee. if tine volwes of the €Ueercle sagnet can be 
Tousc a8 @ Punetion of volteaspsre consumpticr, From 


t= Brest hb. * (1) 
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with the direct current solution, the direct current a#eig it 
adventages would heve been greater aa. tne sguce Olsetverntege 
less timn indfeated in the S6U-c7vele comparison. 

Hegarding ecomotiics, it is not possible to Crew 
a piwitive conclusion. ‘tne 4JU-o7rel® sagret iteelf would 
undoubtedly bé@ More exreesive toen e@ diract current ~amnet 
to exert the seme pull. ths runkins exasense of the alternating 
current masaet would also Se oreetor. The need for a sslenium 
rectifier for use with the cireet current magnet would work 


to offset these alitarmatineg currest disaacvantaces. 
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